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WDQNV )URP WKH SRLQW RI YLHZ RI HQVXULQJ WKH PLQLPDO KHDW OHDNDJH WKH VSKHULFDO VKDSH RI WKH WDQNV LV PRUH
SUHIHUDEOH EHFDXVH WKH UDWLR RI VXUIDFH WR YROXPH IRU WKH VSKHUH LVPLQLPDO LQ FRPSDULVRQZLWK RWKHU JHRPHWULF
VKDSHV+RZHYHUWKHZRUNLQJDUHDDQGYROXPHLVXQGHUXWLOL]HGDWWKHVSKHULFDOVKDSHRIWKHYHVVHOV,QFRQQHFWLRQ
ZLWKWKLVLQDGGLWLRQWRVSKHULFDOO\VKDSHGYHVVHOVWKHYHUWLFDODQGKRUL]RQWDOF\OLQGULFDOFRQWDLQHUVDUHZLGHO\XVHG
ZKRVHVKDSHPXFKEHWWHUWDNHVLQWRDFFRXQWYHKLFOHRYHUDOOGLPHQVLRQVDOORZVWRXVHPRUHUDWLRQDOO\WKHZRUNLQJ
DUHDVPDNHVLWSRVVLEOHWRSURGXFHDQXPEHURIVLQJOHW\SHWDQNVRIGLIIHUHQWYROXPHVE\FKDQJLQJWKHOHQJWKRIWKH
VKHOO
'XULQJVWRUDJHRIFU\RJHQWKHORVVHVRIFU\RJHQDULVHGXHWRLPSHUIHFWLRQLQLQVXODWLRQDQGKHDWJDLQVIURPWKH
HQYLURQPHQW'XULQJVWRUDJHRIFU\RJHQLFVXEVWDQFHEHFDXVHRIPDVV ORVVHV LWVHQWKDOS\FKDQJHV,W LVSRVVLEOH WR
FDUU\RXWWKHORVVHVFDOFXODWLRQRIFROGHQHUJ\RIFU\RJHQSHUGD\ZKLFKLVORVWGXULQJLWVVWRUDJHE\WKHIROORZLQJ
UHODWLRQV
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ZKHUH¨m WKHPDVVRIHYDSRUDWHGFU\RJHQSHUGD\, mȈ   WKHPDVVRIVWRUHGFU\RJHQ Ĭ -HYDSRUDWLRQORVVHVRI
SURGXFWSHUGD\ Qev   - FROG HQHUJ\RI HYDSRUDWHG FU\RJHQ  r - KHDW RI FU\RJHQ HYDSRUDWLRQRI Tc – FU\RJHQ
WHPSHUDWXUH Ɍe – HQYLURQPHQWDOWHPSHUDWXUH
(YDSRUDEOHFU\RJHQKDVD VXIILFLHQWO\KLJK VSHFLILFSRWHQWLDORI FROGHQHUJ\ >@>@>@ZKLFKFDQEHXVHGDV D
UHIULJHUDWRU LQ WKHKHDW HQJLQH RSHUDWLQJE\ WKH&DUQRW F\FOH7KH ORVV RI DYDLODEOH HQHUJ\/RXW SHU GD\ LI FROG
HQHUJ\RIFU\RJHQXVHGE\&DUQRWF\FOH)LJXUHFDOFXODWHVDVIROORZV
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)LJ7KHWKHUPRG\QDPLFF\FOHRIWKHKHDWHQJLQHZRUNLQJE\&DUQRWF\FOH
&KDUDFWHULVWLFVRIGLIIHUHQWW\SHVRIWDQNV
7KHDQDO\VLV RI WKHPDLQ WHFKQLFDO FKDUDFWHULVWLFV LV SHUIRUPHG$OVR LWZDV FDUULHGRXW FDOFXODWLRQVRI HQHUJ\
ORVVHVLQWKHFU\RJHQLFVWRUDJHV\VWHPVIRUKRUL]RQWDODQGYHUWLFDOF\OLQGULFDOWDQNVZLWKVFUHHQYDFXXPLQVXODWLRQ
IRUGLIIHUHQWFU\RJHQLFVXEVWDQFHVZKLFKLVFRPPHUFLDOO\DYDLODEOH7DEOHVKRZVGDWDIRUUHVHUYRLUVZLWKFU\RJHQ
VWRUDJHSUHVVXUHRI03DDQG7DEOHVKRZVGDWDIRUUHVHUYRLUVZLWKFU\RJHQVWRUDJHSUHVVXUHRI03D
&RQVLGHULQJ WKH GDWD SUHVHQWHG LQ 7DEOHV  DQG  GHSHQGHQFLHV RI ZHLJKWVL]H DQG SRZHU FKDUDFWHULVWLFV RI
FU\RJHQLFWDQNVDQGV\VWHPVDFFRUGLQJWRWKHLUYROXPHDQGVWRUDJHSUHVVXUHZHUHFRQVWUXFWHG
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(YDSRUDWLRQ ORVVHV LQ WKH UHVHUYRLU LV ODUJHO\GHSHQGRQ LWVRYHUDOOGLPHQVLRQVDQGGHVLJQ:KHQFKRRVLQJ WKH
LQVXODWLRQ LW LV QHFHVVDU\ WR WDNH LQWR DFFRXQW WKH XVHG OLTXLG DQG WKH IDFW WKDW WKH WKLFNQHVV RI LQVXODWLRQZKLOH
YROXPHLQFUHDVLQJRIWKHUHVHUYRLUFDSDFLW\JHQHUDOO\LQFUHDVHVPRUHVORZO\WKDQWKHGLDPHWHURIWKHUHVHUYRLU
&XUUHQWO\ FRQVLGHUDEOH H[SHULHQFH KDV EHHQ DFFXPXODWHG LQ WKH GHVLJQ DQGPDQXIDFWXUH RI KLJKSHUIRUPDQFH
VWRUDJHWDQNVWDQNVIRUFU\RJHQLFOLTXLGV
7DEOH+RUL]RQWDOF\OLQGULFDOWDQNV-6&&U\RJHQPDVK
6WRUDJHFDSDFLW\VP       
:RUNLQJSUHVVXUH03D       
mȈ WKHPDVVRIVWRUHGFU\RJHQNJ
nitrogen       
oxygen       
argon       
LNG ²      
ĬHYDSRUDWLRQORVVHVRISURGXFWSHUGD\
nitrogen       
oxygen       
argon       
LNG       
2YHUDOOGLPHQVLRQVP
diameter       
height       
$UHDRIWKHODWHUDOVXUIDFHP       

7DEOH9HUWLFDOF\OLQGULFDOWDQNV-6&&U\RJHQPDVK
 9HUWLFDOWDQNV +RUL]RQWDOWDQNV 
6WRUDJHFDSDFLW\
VP
3 5,40 7,70 9,60 49,50 60 70,50 55 112 248 
:RUNLQJ
SUHVVXUH03D
0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60 
mȈ WKHPDVVRIVWRUHGFU\RJHQNJ 
nitrogen 2292 4125 5890 7360 37800 45830 53850 42200 85900 175000 
oxygen 3255 5860 8310 10380 53700 65100 76485 59300 120800 283000 
argon 3970 7146 10020 12520 65500 79400 93300 72800 148200 309342 
LNG 1188 2138 3050 3800 19600 23760 27920 21780 44355 98210 
ĬHYDSRUDWLRQORVVHVRISURGXFWSHUGD\ 
nitrogen 0,53 0,39 0,32 0,29 0,17 0,14 0,14 0,18 1,46 0,12 
oxygen 0,35 0,26 0,21 0,19 0,11 0,09 0,09 0,12 0,97 0,08 
argon 0,32 0,24 0,19 0,17 0,10 0,08 0,08 0,11 0,89 0,07 
LNG 0,38 0,28 0,23 0,21 0,12 0,10 0,10 0,13 1,05 0,09 
2YHUDOOGLPHQVLRQVP 
diameter 1,51 1,51 1,91 1,91 3,62 3,62 3,62 3,22 3,22 3,54 
height 3,74 5,70 5,47 6,45 9,79 11,27 12,75 3,62 3,62 3,97 
$UHDRIWKHODWHUDO
VXUIDFHP
21,3
1 
30,61 38,53 44,41 131,85 148,68 165,50 52,88 52,88 63,80 
 
7DEOHV  DQG  VKRZ WKH EDVLF ZHLJKWVL]H FKDUDFWHULVWLFV RI FU\RJHQLF VWRUDJH WDQNV 2Q WKH EDVLV RI WKHVH
FKDUDFWHULVWLFVWKHORVVHVRIFROGHQHUJ\DQGZRUNRXWSXWLVSORWWHGRQFRQGLWLRQWKDWFROGHQHUJ\KDYHWREHXVHGE\
&DUQRWF\FOH6SHFLILFYROXPHGDLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQLVDOVRGHWHUPLQHGGHSHQGLQJRQWKHUHVHUYRLU
YROXPH$OVRVSHFLILFYROXPHWULFGDLO\ORVVHVRIZRUNRXWSXWLVGHWHUPLQHGRQFRQGLWLRQWKDWFROGHQHUJ\KDYHWREH
XVHGE\&DUQRWF\FOH7KH\DUHGHILQHGDVIROORZV
qV =Qev/V       
lV =Lout/V       
ZKHUH qV 6SHFLILFYROXPHGDLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQlV -VSHFLILFYROXPHWULFGDLO\ORVVHVRIZRUN
RXWSXWSURYLGHGWKDWFROGHQHUJ\KDYHWREHXVHGE\&DUQRWF\FOH V - tank volume
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$FFRUGLQJO\GHSHQGHQFLHV4HY/RXWT9/9YVWKHF\OLQGULFDOWDQNYROXPHDWWKHVWRUDJHSUHVVXUHRI03DDUH
VKRZQ LQ )LJXUHV D  D YHUWLFDO DQG EE KRUL]RQWDO 6LPLODU UHODWLRQVKLSV DUH VKRZQ LQ )LJXUHV  IRU
FU\RJHQLFYHUWLFDOWDQNVDWWKHVWRUDJHSUHVVXUHRI03D

ɚ

E
)LJ. 'DLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQGHSHQGLQJRQWKHWDQNYROXPH(pressure is 0,6 MPa). 


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
E
)LJ'DLO\ORVVHVRIZRUNRXWSXWGHSHQGLQJRQWKHWDQNYROXPHSURYLGHGWKDWFROGHQHUJ\KDYHWREHXVHGE\&DUQRWF\FOHFU\RJHQSUHVVXUHLV
03D
  
D

E
)LJ6SHFLILFGDLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQGHSHQGLQJRQWKHWDQNYROXPHSUHVVXUHLV03D
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  
ɚ

E
)LJ6SHFLILFGDLO\ORVVHVRIZRUNRXWSXWRIFU\RJHQGHSHQGLQJRQWKHWDQNYROXPHSURYLGHGWKDWFROGHQHUJ\KDYHWREHXVHGE\&DUQRWF\FOH
SUHVVXUHLV03D
  
)LJ'DLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQGHSHQGLQJRQWKHYHUWLFDOWDQNYROXPHSUHVVXUHLV03D
 Dovgyallo Alexandr et al. /  Energy Procedia  100 ( 2016 )  501 – 511 507
 
)LJ'DLO\ORVVHVRIZRUNRXWSXWRIFU\RJHQGHSHQGLQJRQWKHYHUWLFDOWDQNYROXPHSURYLGHGWKDWFROGHQHUJ\KDYHWREHXVHGE\&DUQRW
F\FOHSUHVVXUHLV03D
 
)LJ6SHFLILFGDLO\YROXPHORVVHVRIFROGHQHUJ\RIFU\RJHQGHSHQGLQJRQWKHYHUWLFDOWDQNYROXPHSUHVVXUHLV03D
 
)LJ6SHFLILFGDLO\YROXPHORVVHVRIZRUNRXWSXWRIFU\RJHQGHSHQGLQJRQWKHYHUWLFDOWDQNYROXPHSURYLGHGWKDWFROGHQHUJ\KDYHWREHXVHG
E\&DUQRWF\FOHSUHVVXUHLV03D
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7KXV FDOFXODWLRQ UHVXOWV VKRZTXLWH D ODUJH QXPEHU RI ORVW FROG HQHUJ\ GXULQJ VWRUDJH/1*KDV WKH JUHDWHVW
SRWHQWLDORIFROGHQHUJ\ZKLFK LV ORVWGXULQJVWRUDJH%DVHGRQ WKHVHUHVXOWV WKHUH LV WKH WDVNRIGHWHUPLQLQJ WKH
SRVVLEOHVROXWLRQVRIWKHSUREOHPRIFU\RJHQPDVVORVVHVEHFDXVHRIHYDSRUDWLRQLQUHVHUYRLUVDQGWDQNVDVZHOODV
WKHXWLOL]DWLRQRIFROGHQHUJ\ZKLFKLVDOVRORVWDWHYDSRUDWLRQ
6FKHPHVRISUREOHPVROXWLRQ
3UREOHPVROXWLRQRIWKHORVVRIFU\RJHQHJ/1*GXULQJVWRUDJHDQGFRQVHTXHQWO\SUREOHPVROXWLRQRIWKHORVV
RI LWV FROG HQHUJ\ FDQ EH D ORZWHPSHUDWXUH SRZHU SODQW ZRUNLQJ RQ OLTXHILHG QDWXUDO JDV ZKLFK SURGXFHG WKH
DGGLWLRQDOHOHFWULFHQHUJ\>@7KHVFKHPHRIWKHGHVLJQHGSRZHUSODQW)LJXUHFRQVLVWVRIWZRFLUFXLWVWKHFLUFXLW
RI/1*HYDSRUDWLRQORVVHVFRPSHQVDWLRQDQGWKHFLUFXLWRIWKHORZWHPSHUDWXUHSODQWEDVHGRQWKH6WLUOLQJHQJLQH
7KHILUVWFLUFXLWORVVFRPSHQVDWLRQFLUFXLWLQFOXGHVWKHFU\RJHQLFWDQNZLWKOLTXHILHGQDWXUDOJDVDWKURWWOHYDOYH
LQ ZKLFK RFFXUV WKH WKURWWOLQJ SURFHVV ZLWK GHFUHDVLQJ SUHVVXUH DQG WHPSHUDWXUH JDV UHFHLYHU GHVLJQHG WR
DFFXPXODWHWKHHYDSRUDWLQJOLTXLGSKDVHKHDWH[FKDQJHUHYDSRUDWRUUHTXLUHGIRUFRROLQJWKHKHDWHGJDVDIWHUWKH
FRPSUHVVRUE\OLTXLGPHWKDQHWRWKHWHPSHUDWXUHDWZKLFKLWZLOOEHDIWHUWKHWKURWWOLQJLQOLTXLGVWDWHFRPSUHVVRU
7KHRSHUDWLQJSULQFLSOHRIWKHORVVFRPSHQVDWLRQFLUFXLWGXULQJHYDSRUDWLRQLVDVIROORZV/LTXHILHGQDWXUDOJDVLV
ILOOHG LQ WKH WDQNZLWK WKH VWRUDJH FDSDFLW\RIPDW WKH WHPSHUDWXUHRI.DQG WKHSUHVVXUHRI03D
/RVVHV SHU GD\ RI /1* LQ WKLV WDQN WKH PDVV LV  WRQV LV  RI WKH WRWDO PDVV LH DERXW NJ 7KH
HYDSRUDWHGQDWXUDOJDVWKURXJKDGUDLQYDOYHHQWHUVLQWRWKHUHFHLYHU7KHDFFXPXODWHGORVVHVSHUGD\FRPSUHVVHVE\
FHQWULIXJDOFRPSUHVVRUWRWKHSUHVVXUHRI03D&RPSUHVVRURSHUDWLQJWLPHLVPLQXWHVDQGWKHHOHFWULFSRZHU
IRULWVGULYHFDOFXODWHGDVGHVFULEHGLQPHWKRORJ\>@DQGUHTXLUHGIRULWVVWDEOHZRUNLVHTXDOWRN:VXEMHFWWR
VDIHW\PDWJLQLV
$IWHU FRPSUHVVRU WKH KHDWHG JDV LV FRROHG E\ OLTXLGPHWKDQH LQ WKH KHDW H[FKDQJHUHYDSRUDWRU DQG WKHQ LW LV
WKURWWOHGWR03D/LTXHILHGJDVUHWXUQVWRWKHWDQN
7KHVHFRQGFLUFXLWRIFROGHQHUJ\SRZHUSODQWEDVHGRQ6WLUOLQJHQJLQH)LJXUHLQFOXGHVWKHIROORZLQJXQLWV
6WLUOLQJHQJLQHZKLFKLQFOXGHVWKUHHKHDWH[FKDQJHUVWKHKHDWH[FKDQJHURIWKHH[SDQGHUFDYLW\FRPSUHVVRUFDYLW\
DQGWKHUHJHQHUDWLYHKHDWH[FKDQJHUWKHZDVWHKHDWH[FKDQJHUUHTXLUHGWRKHDWPHWKDQHWRDPELHQWWHPSHUDWXUHWR
VXSSO\LWWRWKHFRPEXVWLRQFKDPEHURIWKHJDVSLVWRQSRZHUSODQW*333UHGXFHUGHVLJQHGWRORZHUWKHSUHVVXUH
JHQHUDWRUZKLFKLVQHFHVVDU\IRUWKHFRQYHUWLQJPHFKDQLFDOHQHUJ\RIWKH6WLUOLQJHQJLQHLQWRHOHFWULFDO

7DEOH0DLQSRZHUFKDUDFWHULVWLFVRIWKH6WLUOLQJHQJLQHZKLFKLVSDUWRIWKHORZWHPSHUDWXUHSRZHUSODQW
7KHLQSXWKHDWWR
WKHHQJLQH4N:
7KHUHPRYHGKHDW
IURPHQJLQH4N:
&DOFXODWHGHQJLQH
SRZHU1N:
(QJLQHSRZHUFRQVLGHULQJ
ORVVHVLQWKHUHJHQHUDWRUN:
7KHUHDOSRZHURIWKHHQJLQHFRQVLGHULQJ
WKHUHDOLW\RIWKHSURFHVVHVN:
    
7KHRSHUDWLQJSULQFLSOHRI WKHFLUFXLWEDVHGRQ WKH6WLUOLQJHQJLQH LV DV IROORZV7KHFRPSUHVVRU FDYLW\RI WKH
6WLUOLQJHQJLQHLVFRROHGE\OLTXHILHGQDWXUDOJDVWRWKHWHPSHUDWXUHRI.DQGWKHH[SDQGHUFDYLW\LVKHDWHGE\
H[KDXVWJDVHVRIWKHJDVSLVWRQXQLWWRWKHWHPSHUDWXUHRI.PD\EHXVHGZDUPHQYLURQPHQWRI.7KHUHDO
SRZHURIWKHHQJLQHLVN:/LTXHILHGQDWXUDOJDVSDVVLQJWKURXJKWKHKHDWH[FKDQJHURIWKHFRPSUHVVRUFDYLW\
RI WKH6WLUOLQJ HQJLQH HQWHUV LQWR WKHZDVWHKHDW H[FKDQJHUZKHUH LW LV KHDWHGE\ H[KDXVW JDVHV IURP WKH*333
$IWHUWKHFRPSOHWHJDVLILFDWLRQWKHJDVLVXVHGLQWRWKHFRPEXVWLRQFKDPEHURIWKH*333
7KHDGYDQWDJHRIIHUHGE\WKHFROGHQHUJ\SRZHUSODQWEDVHGRQ6WLUOLQJHQJLQH+LJKHQHUJ\HIILFLHQF\7KH
DGYDQWDJH SURSRVHG FROG HQHUJ\ SRZHU SODQW EDVHG RQ 6WLUOLQJ HQJLQH  +LJK HQHUJ\ HIILFLHQF\  3URYHQ
WHFKQRORJ\VPDOOORWSURGXFWLRQRI6WLUOLQJHQJLQHV
7KHUHDUHVRPHGLVDGYDQWDJHV7KHFRPSOH[LW\RIHQVXULQJ6WLUOLQJHQJLQHKHUPLWLFLW\7KHGHVLJQ
FRPSOH[LW\RIWKH6WLUOLQJHQJLQH
,W LVSRVVLEOH WRXVH WKH WKHUPRDFRXVWLFHQJLQH >@ LQ WKHFLUFXLWRI  WKH ORZWHPSHUDWXUHSRZHUSODQW  DVPDLQ
HQHUJ\FRQYHUWHU
7KLVFLUFXLWZRUNVDVIROORZVWKHFROGKHDWH[FKDQJHURIWKHUPRDFRXVWLFHQJLQHLVFRROHGE\OLTXHILHGQDWXUDO
JDV IURP WKH WDQN DQG WKHKRWKHDW H[FKDQJHU LVKHDWHGE\ WKHH[KDXVWJDVHVRI WKH*3337KXV WKHHQJLQH
JHQHUDWHVHQHUJ\ WKDWFRQYHUWV LQWRHOHFWULFDOHQHUJ\YLD WKHHOHFWULFJHQHUDWRUZKLFKGULYHV WKH FRPSUHVVRU
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/1*SDVVLQJWKURXJKWKHWKHUPRDFRXVWLFHQJLQHFDYLW\HQWHUVLQWRWKHZDVWHKHDWH[FKDQJHUZKHUHLWLVKHDWHG
E\H[KDXVWJDVHVIURPWKHJDVSLVWRQXQLW7KHQLWHQWHUVLQWRUHGXFHUZKLFKSURYLGHVWKHFRQVWDQWSUHVVXUHDW
WKHLQOHWRIWKHJDVSLVWRQXQLWDQGSUHVVXUHLVHTXDOWRS$IWHUWKHFRPSOHWHJDVLILFDWLRQJDVHQWHUVLQWRWKHJDV
SLVWRQXQLW ZKLFKJHQHUDWHV HOHFWULFDO HQHUJ\E\ WKH HOHFWULF JHQHUDWRU 7KHUPRDFRXVWLF HQJLQH FDOFXODWLRQ
ZDVPDGHXVLQJWKHPHWKRGRORJ\SUHVHQWHGLQ>@DQGVRIWZDUHV\VWHP'HOWD(&
7KHXVLQJRIVXFKSRZHUSODQWDOORZVWRFRPSHQVDWHORVVHVDWHYDSRUDWLRQRI/1*IURPWKHWDQN$OVRLWDOORZV
WR JHW WKH DGGLWLRQDO HOHFWULFDO HQHUJ\ZKLFK FDQ EH XVHG IRU YDULRXV SXUSRVHV  DV  SUREOHPV  DULVLQJ IURP WKH
RSHUDWLRQRIDJDVSLVWRQXQLW
7KH DGYDQWDJH RIIHUHG E\ WKH FROG HQHUJ\ SRZHU SODQW EDVHG RQ WKH WKHUPRDFRXVWLF HQJLQH  7KH
WKHUPRDFRXVWLFHQJLQHFRQWDLQVWKHPLQLPXPQXPEHURIPRYLQJPHFKDQLFDOGHYLFHV+LJKUHOLDELOLW\DQGVHUYLFH
OLIHRIWKHUPRDFRXVWLFHQHUJ\FRQYHUWHU
7KHUH DUH DOVR VRPH GLVDGYDQWDJHV  /RZHU HQHUJ\ HIILFLHQF\ FRPSDUHG WR WKH 6WLUOLQJ HQJLQH 7KLV
FLUFXPVWDQFH IRUDJLYHQDSSOLFDWLRQFDQKDYHDSRVLWLYHHIIHFW LQ WKHVHQVH WKDWGXH WR ORZHIILFLHQF\ LQFUHDVLQJ
DPRXQWRIZDVWHKHDW F\FOHZLOO/1* UHJDVLILFDWLRQ7KH ODFNRIPDWXUH WHFKQRORJ\RI WKHUPRDFRXVWLF HQJLQH
VHULDOSURGXFWLRQ


+HDWH[FKDQJHUHYDSRUDWRU*DVUHFHLYHU&HQWULIXJDOFRPSUHVVRU7KURWWOHYDOYH7DQNZLWKOLTXHILHGQDWXUDOJDV/1*
*HQHUDWRU5HGXFHUWR03D6WLUOLQJHQJLQH±:DVWHKHDWH[FKDQJHU*DVSLVWRQSRZHUSODQW*333*HQHUDWRU
)LJ6FKHPDWLFGLDJUDPRIWKHORZWHPSHUDWXUHSRZHUSODQWEDVHGRQ6WLUOLQJHQJLQH
$WKLUGVROXWLRQRIWKHSUREOHPGHVFULEHGDERYHLVWKHRSSRUWXQLW\WRXVHVWHDPSRZHUSODQWLQWKHFLUFXLWRIORZ
WHPSHUDWXUHSRZHUSODQW DV DPDLQHQHUJ\FRQYHUWHU )LJXUH8VLQJHWKDQHDV WKHZRUNLQJ IOXLGRI WKH VWHDP
SRZHUSODQWWKHSUHOLPLQDU\FDOFXODWLRQRIWKHEDVLFFKDUDFWHULVWLFVRIVXFKDV\VWHPDVGHVFULEHGLQ>@>@>@ZDV
FDUULHGRXW0DLQUHVXOWVRIWKHFDOFXODWLRQDUHVKRZQLQ7DEOH+HDWLQWKHSRZHUSODQWHQWHUVIURPWKHH[KDXVWJDV
LQWKHKHDWH[FKDQJHUHYDSRUDWHUDQGFRQGHQVDWLRQRIWKHZRUNLQJPHGLXPRFFXUVLQWKHKHDWH[FKDQJHUFRQGHQVHU
E\YDSRUL]LQJ/1*
7DEOH2SHUDWLQJSDUDPHWHUVRIWKHGHVLJQHGWKHUPRDFRXVWLFHOHFWULFJHQHUDWRUZRUNLQJIOXLGKHOLXP
)LOOSUHVVXUH
03D
2SHUDWLRQ
IUHTXHQF\+]
,QSXWKHDWN: 7HPSHUDWXUHRIWKHKRWKHDW
H[FKDQJHUɄ
5HPRYHGKHDWN: $FRXVWLFSRZHUN:
     

7DEOH0DLQSRZHUFKDUDFWHULVWLFVRIWKHVWHDPKHDWHQJLQHZKLFKLVDSDUWRIWKHORZWHPSHUDWXUHSRZHUSODQW
7KHLQSXWKHDWWRWKH
HQJLQH4N:
7KHUHPRYHGKHDWIURP
HQJLQH4N:
&DSDFLW\RIVWHDP
SRZHUSODQWN:
(IILFLHQF\ 7KHZRUNLQJPHGLXP &RQVXPSWLRQNJV
    (WKDQH 
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)URPWKHDQDO\VLVRIREWDLQHGFKDUDFWHULVWLFVLWIROORZVWKDWWKHPRVWHIIHFWLYHXVLQJLVWKHXVLQJRIFU\RJHQORVV
FRPSHQVDWLRQGHVLJQDQGIRUFROGHQHUJ\ORVVFRPSHQVDWLRQLWLVWKHORZWHPSHUDWXUHSRZHUSODQWEDVHGRQRIWKH
VWHDPKHDWHQJLQH


±7DQNZLWKOLTXHILHGQDWXUDOJDV/1*±*DVUHFHLYHU±&HQWULIXJDOFRPSUHVVRU±+HDWH[FKDQJHUHYDSRUDWRU±7KURWWOHYDOYH
±7KHUPRDFRXVWLFHQJLQHEDVHGRQWUDYHOLQJZDYH±*HQHUDWRUɪ±:DVWHKHDWH[FKDQJHU5HGXFHU±*333±*HQHUDWRU
)LJ6FKHPDWLFGLDJUDPRIWKHFROGHQHUJ\SRZHUSODQWEDVHGRQWKHWKHUPRDFRXVWLFHQJLQH

±7DQNZLWKOLTXHILHGQDWXUDOJDV/1*±*DVUHFHLYHU±&HQWULIXJDOFRPSUHVVRU±+HDWH[FKDQJHUHYDSRUDWRU±7KURWWOHYDOYH
±6WHDPSODQWEDVHGRQWKH5DQNLQHF\FOH±*HQHUDWRU±:DVWHKHDWH[FKDQJHU5HGXFHU±*333±*HQHUDWRU
)LJ6FKHPDWLFGLDJUDPRIWKHORZWHPSHUDWXUHSRZHUSODQWEDVHGRQDVWHDPKHDWHQJLQH
)URP WKHDQDO\VLVRI WKHFKDUDFWHULVWLFV LW IROORZV WKDW WKHPRVW HIIHFWLYH LV WKHXVHRI FRPSHQVDWLRQ VFKHPHV
FU\RJHQLFSURGXFW ORVVHV DQG LWV FROGHQHUJ\ZLWK WKHKHOSRI DSRZHUSODQWEDVHGRQD VWHDPKHDW HQJLQH7KH
DGYDQWDJHSURSRVHGFROGHQHUJ\SRZHUSODQWEDVHGRQWKHVWHDPSRZHUSODQW+LJKHQHUJ\HIILFLHQF\3URYHQ
SURGXFWLRQWHFKQRORJ\
7KHUHDUHDOVRVRPHGLVDGYDQWDJHV7KHFRPSOH[VWUXFWXUH5HODWLYHO\KLJKZHLJKWDQGVL]HFKDUDFWHULVWLFV
)URPWKHDQDO\VLVRIREWDLQHGFKDUDFWHULVWLFVLWIROORZVWKDWWKHPRVWHIIHFWLYHXVLQJLVWKHXVLQJRIFU\RJHQORVV
FRPSHQVDWLRQGHVLJQDQGIRUFROGHQHUJ\ORVVFRPSHQVDWLRQLWLVWKHORZWHPSHUDWXUHSRZHUSODQWEDVHGRQRIWKH
VWHDPKHDWHQJLQH
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&RQFOXVLRQV
7KHIROORZLQJTXHVWLRQVKDYHEHHQLQYHVWLJDWHGDVDUHVXOWRISHUIRUPHGZRUN
 7KHWRWDODQGVSHFLILFGDLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQZHUHGHWHUPLQHGGHSHQGLQJRQWKHYROXPHRI
WKHUHVHUYRLUDVZHOODVWRWDODQGVSHFLILFGDLO\ORVVHVRIZRUNRXWSXWSURYLGHGWKDWLWVFROGHQHUJ\KDYHWREHXVHG
E\&DUQRWF\FOH
 7KHQHFHVVLW\WRVROYHWKLVSUREOHPZDVSURYHG
 7KH WKUHH VFKHPHVRI  D ORZWHPSHUDWXUHSRZHUSODQWKDYHEHHQSURSRVHGZKLFK DOORZV WRSHUIRUP WKH
OLTXHIDFWLRQRIYDSRUL]LQJFU\RJHQDQGWRUHWXUQLWWRWKHVWRUDJHWDQNREWDLQLQJDGGLWLRQDOHQHUJ\
 7KH PRVW HIIHFWLYH XVLQJ LV WKH XVLQJ RI FU\RJHQ ORVV FRPSHQVDWLRQ GHVLJQ DQG IRU FROG HQHUJ\ ORVV
FRPSHQVDWLRQLWLVWKHORZWHPSHUDWXUHSRZHUSODQWEDVHGRQRIWKHVWHDPKHDWHQJLQH
5HIHUHQFHV
>@KWWSZZZFU\RJHQPDVKUXWSO&DWDORJXHB&0BSGI
>@=KDQJ*;X:<DQJ< =KDQJ'8WLOL]DWLRQRI/1*FU\RJHQLFHQHUJ\LQDSURSRVHGPHWKRGIRULQOHWDLUFRROLQJWRLPSURYHWKH
SHUIRUPDQFHRIDFRPELQHGF\FOH,Q(QHUJ\3URFHGLD9ROXPHS
>@;LRQJ</XR3+XD%$QRYHO&2FDSWXULQJQDWXUDOJDVFRPELQHGF\FOHZLWK/1*FROGHQHUJ\XWLOL]DWLRQ(QHUJ\3URFHGLD9ROXPH
3DJHV
>@(9%ODJLQ$,'RYJ\DOOR621HNUDVRYD'96DUPLQ'$8JODQRY(VWLPDWLRQRIWKHHQHUJ\HIILFLHQF\RIFU\RJHQLFILOOHGWDQNXVLQJ
LQGLIIHUHQWV\VWHPDQGGHYLFHV$SSOLHG7KHUPDO(QJLQHHULQJ9ROXPH0D\3DJHV
>@-:DQJ-:DQJ<'DL3=KDR7KHUPRG\QDPLFDQDO\VLVDQGRSWLPL]DWLRQRIDWUDQVFULWLFDO&2JHRWKHUPDOSRZHUJHQHUDWLRQV\VWHP
EDVHGRQWKHFROGHQHUJ\XWLOL]DWLRQRI/1*$SSOLHG7KHUPDO(QJLQHHULQJ9ROXPH,VVXH6HSWHPEHU3DJHV
>@1RYRWHOQRY96XVORY$3ROWDUDXV9&U\RJHQLFPDFKLQHV3ROLWHFKQLND
>@ =ROSDNDU 1$  0RKG*KD]DOL 1  $KPDG 5 $QDO\VLV RI LQFUHDVLQJ WKH RSWLPL]HG SDUDPHWHUV LQ LPSURYLQJ WKH SHUIRUPDQFH RI D
WKHUPRDFRXVWLFUHIULJHUDWRU(QHUJ\3URFHGLD9ROXPH3DJHV
>@*:6ZLIW7KHUPRDFRXVWLFHQJLQHV-$FRXVW6RF$P:&:DUGDQG*:6ZLIW³'HVLJQHQYLURQPHQWIRUORZ
DPSOLWXGHWKHUPRDFRXVWLFHQJLQHV'HOWD(´-$FRXVW6RF$P
>@%DVNDNRY$7HSORWHNKQLND(KHUJRDWRQL]GDW
>@+6XQ+=KX)/LX+'LQJ6LPXODWLRQDQGRSWLPL]DWLRQRIDQRYHO5DQNLQHSRZHUF\FOHIRUUHFRYHULQJFROGHQHUJ\IURPOLTXHILHG
QDWXUDOJDVXVLQJDPL[HGZRUNLQJIOXLG(QHUJ\9ROXPH-XQH3DJHV
>@05 *yPH] 5) *DUFLD -5 *yPH] -& &DUULO 7KHUPRG\QDPLF DQDO\VLV RI D %UD\WRQ F\FOH DQG 5DQNLQH F\FOH DUUDQJHG LQ VHULHV
H[SORLWLQJWKHFROGH[HUJ\RI/1*OLTXHILHGQDWXUDOJDV(QHUJ\9ROXPH0DUFK3DJHV
